The Green's function for the slab coronal hole is obtained explicitly. The Fourier integral representation for the radiated field inside and outside the coronal hole waveguide is obtained. The radiated field outside the coronal hole is calculated using the method of steepest descents. It is shown that the radiated field can be written as the sum of two contributions: (1) a contribution from the integral along the steepest descent path and (2) a contribution from all the poles of the integrand between the path of the original integral and the steepest descent path. The free oscillations of the waveguide can be associated with the pole contributions in the steepest descent representation for the Green's function. These pole contributions are essentially generalized surface waves with a maximum amplitude near the interface which separates the plasma inside the coronal hole from the surrounding background corona. The path contribution to the integral is essentially the power radiated in body waves. By considering a specific example of waves with a period near 300 s it was shown that near the source the pole contributions can dominate for radiation which propagates nearly parallel to the interface, while the path contribution (body waves) are more likely to be dominant for broadside radiation. Body waves are dominant far from the source since their amplitude decreases only as r -1/2 , while the amplitude of the pole contribution decreases exponentially. Subject headings: hydromagnetics -Sun: corona -wave motions I. INTRODUCTION Recently has it been recognized that gradients can have profound effects on the propagation and dissipation of waves in the corona of the Sun. Theories of coronal heating by the dissipation of waves in regions where the Alfvén speed varies transverse to the field (e.g., surface waves or resonance cavity modes) have been developed to a reasonable degree of sophistication (lonson 1978 , 1982 Hollweg 1984; Lee and Roberts 1986; Davila 1987) . This work has demonstrated that gradients can dramatically affect the efficiency of the dissipation process. It has also been shown that gradients are likely to play a significant role in the propagation of MHD waves in coronal holes. Davila (1985) demonstrated that if the waves have periods similar to the time scales of motions in the photosphere (approximately a few hundred seconds) then there is significant leakage of wave flux through the side of the coronal hole. Moreover the " leaky waveguide " modes exert a force on the plasma which is significantly different from that exerted by Alfvén or fast-mode waves. It was argued that either of these effects could be important for models of wind acceleration by magnetohydrodynamic (MHD) waves.
I. INTRODUCTION
Recently has it been recognized that gradients can have profound effects on the propagation and dissipation of waves in the corona of the Sun. Theories of coronal heating by the dissipation of waves in regions where the Alfvén speed varies transverse to the field (e.g., surface waves or resonance cavity modes) have been developed to a reasonable degree of sophistication (lonson 1978 , 1982 Hollweg 1984; Lee and Roberts 1986; Davila 1987) . This work has demonstrated that gradients can dramatically affect the efficiency of the dissipation process. It has also been shown that gradients are likely to play a significant role in the propagation of MHD waves in coronal holes. Davila (1985) demonstrated that if the waves have periods similar to the time scales of motions in the photosphere (approximately a few hundred seconds) then there is significant leakage of wave flux through the side of the coronal hole. Moreover the " leaky waveguide " modes exert a force on the plasma which is significantly different from that exerted by Alfvén or fast-mode waves. It was argued that either of these effects could be important for models of wind acceleration by magnetohydrodynamic (MHD) waves.
It has long been assumed that MHD waves in the corona, such as those invoked for heating the corona or accelerating the solar wind, are driven from below by fluid motions in the denser parts of the solar atmosphere. However, in spite of the potential importance of low-frequency MHD waves for powering activity, there has been very little work on the theory needed to describe their excitation in an inhomogeneous medium like the solar corona. The purpose of this paper is to consider the excitation of waves in the inhomogeneous corona within the context of a simplified physical model. For concreteness the wave field around a coronal hole is calculated, although the method could easily be applied to coronal loops also.
II. THE DERIVATION AND FORMAL SOLUTION OF THE
BASIC EQUATIONS Consider the simplified coronal hole model shown in Figure 1 . In the region z < 0 (the " photosphere ") it is assumed that on average ß > 1. Here convective motions dominate the magnetic field pressure and the electrical conductivity is high, so the fields are in constant motion following the local convection flow. In the region z > 0 magnetic pressure is dominant, ß < 1. At z = 0 is an interface which separates the region of high ß (the " photosphere ") from the low-/? region above (the "corona"). The magnetic field lines thread through both regions, however, coupling the turbulent convective motions in the high-/? region to linear MHD wave motion in the low-/? region.
It is clear that if one knew, say from observations, the motions at z = 0 and the properties of the coronal plasma, this information should be sufficient to determine the wave amplitude throughout the low-/? region, including details of the wave flux which is radiated from the side of the coronal hole. This is the basic approach taken in this paper. Namely we consider a low-/? plasma in the region z > 0 with wave motion driven by external sources located on the boundary at z = 0 and ask which wave modes are radiated into the corona by these sources. The nonlinear, turbulent motions in the high-/? region are not treated theoretically; they are assumed to be available from observations to use as input for the theory.
In the low-/? region the linearized momentum equation can be approximated, when the flow speed of the wind is less than 1076
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Fig. 1-The slab model coronal hole. The magnetic field is assumed to be uniform since magnetic pressure dominates in the corona, the density inside is p" while the density outside is p 2 . For the Green's function solution of § III, a line-source driver is assumed at the point x = x. The point 0 is the observation point located by the cylindrical coordinates r, 6 for the steepest descents representation discussed in § IV.
the Alfvén speed, as 
Ot source function which radiates sound waves could be included in this formalism. For this paper we will confine our attention to driven transverse oscillations only since they are of primary importance in the low-/? limit.
Define the fourier transform
where the subscripts indicate zero-order equilibrium quantities. Consider again the coronal hole model shown in Figure 1 . Assume B 0 = B 0 z, p 0 = PoM-Since ß all terms involving derivatives of B 0 can be ignored because of pressure balance arguments, and the pressure term is well approximated as entirely magnetic p = B 0 B z /4n. Consider only perturbations which have d/dy = 0. This is a simplification which limits consideration to line sources and responses; however it can easily be relaxed. Then using these relations one can derive the following equations for the velocity components
where S(x, t) is the source function responsible for driving the waves in the coronal hole. It is worth noting that if one kept thermal pressure in the momentum equation, a more general and transform the wave equation for the perpendicular velocity components to obtain
dx 1 where k 1 = oe 2 d 2 lv\ -k^, d is the transverse size of the coronal hole and all transverse distances are normalized by d. The source term, S(x, cu), is assumed to be known from observations. This equation describes the response of the corona to an arbitrary turbulent driver. The general solution can be obtained in a relatively straightforward manner by considering the superposition of a series of line-source solutions. This is essentially equivalent to calculating the Green's function for a line source at the lower boundary of the corona, defined as the solution of 4-k 2 G = -3(x -x').
1078 DAVILA Vol. 332 Given the Green's function solution for equation (7), the velocity in the corona due to the motion of an arbitrary turbulent driver can be expressed as
iikzZ~'onG (x,k z ,co;x').
This general expression may reduce to a simpler expression depending on the average properties of the driver. For example, if the correlation length of the driving motion is small compared to the transverse scale of the coronal hole, the superposition would reduce to a simple sum of one or more incoherent line sources along the base of the coronal hole. If the coherence length were much larger than a coronal hole, the source function could be represented as a superposition of phase-coherent line sources of constant amplitude. The coherence length for turbulence in the corona is unknown at this time. However, in the photosphere observations have shown it to be of order 10 9 cm (from review by Deubner 1980) , roughly an order of magnitude smaller than a large coronal hole. However, since a reliable theory for transmission of energy from the photosphere to the corona does not exist at this time, the coherence length in the corona at the surface where ß x lis essentially unknown and can only be determined by direct observations of coronal turbulence which are not available.
for investigation of the propagation of electromagnetic waves in a dielectric waveguide. From the symmetry of the model, it is clear that the response of the corona to an arbitrary driver is composed of both symmetric (sausage) and antisymmetric (kink) mode oscillations. For this paper, only sources located in the center of the coronal hole will be considered. Sausage modes are not excited by sources of this type; therefore, we will concentrate in the following paragraphs on the kink mode.
The Green's function solutions for kink mode oscillations obtained using the equations and boundary conditions discussed above are as follows. In region A, defined by the inequality 0 < x < x', the solution is
KJl and in region B, where x' < x < 1, the solution is
jq and finally in region C outside the coronal hole (x > 1) the solution is in. green's function for a slab coronal hole In this section and in the remainder of this paper we will be concerned with obtaining the response of the corona to a linesource driver. This problem has the virtue that it is complex enough to illustrate some of the basic physics, yet simple enough for analytic solution. Furthermore, because of the principle of superposition discussed in the preceding section, one is assured that the coronal response for more complex twodimensional source functions can be obtained by superposition of the solutions for a simple line source. It is therefore natural to consider this relatively simple problem first.
Consider the slab coronal hole model shown in Figure 1 . Assume that waves are excited by a point source at the base of the corona which is located inside the coronal hole at x = x' as shown. The alternative case with waves driven inside the coronal hole by sources outside can be treated using the method below with relatively trivial modifications. The Alfvén speed is assumed to vary discontinuously across the coronal hole boundary with v A1 > v A2 . The velocity amplitude of the waves then satisfies the equation
inside the coronal hole, and
outside the coronal hole. These are solved by dividing the space into three regions, 0 < x < x', x' < x < 1, and 1 < x. The conditions relating the solutions in the different regions are obtained by simply integrating the equations across the interfaces at x = x' and x = 1 and requiring continuity of the velocity. A similar procedure has been used by Whitmer (1948) Although these integrals contain a description of all the relevant phenomena, they do not allow easy physical interpretation of the forced response of the coronal hole. Considerable insight into the physical nature of these oscillations can be gained by considering the far-field (nontransient) limit, where the integrals can be evaluated analytically.
a) T ransformations of the Fourier Integral
To obtain the Green's function solution in real space one must evaluate the Fourier transform inversion integral, equation (5). As an example, let us consider the integral expression for the field outside of the coronal hole in region C, and let us further simplify the problem by considering only a single point source driver in the center of the coronal hole, at x' = 0. Sausage modes (which have zero displacement at the center of the coronal hole waveguide) will not be excited, so we only need consider the kink mode Green's function derived above. The Fourier inversion integral can then be written in the relatively simple form inside the coronal hole can be written as sums of integrals of the form given in equation (14).
The path of integration is along the real k z axis, as shown in Figure 2 , because of the delta function representation used to transform equation (4). After integration over k z , one is left with a plane-wave-like disturbance which propagates across the coronal hole in the x-direction. In the electrical engineering literature (e.g., Tamir and Oliner 1963a) this is called the " longitudinal representation." This is because the net result is an inhomogeneous plane wave, propagating transverse to the plasma slab, with an amplitude which varies in the longitudinal z-direction. In this picture, the coronal hole slab acts as a discontinuity in the phase speed of the wave, and energy is either transmitted or reflected by the slab interfaces. The transmission and reflection of waves at an interface was discussed in detail by Davila (1985) for MHD waves in coronal holes and by Marcuse (1974) for electromagnetic waves in dielectric slabs. It is interesting to note that in this representation the surface waves are not explicitly represented by a separate term in the Fourier integral. To separate out the surface wave contribution we must consider a transformation of the basic integral.
A second representation, called the " transverse representation," can be obtained by transforming the variable of integration in equation (14) from k z to k. This is most easily done by considering the integral in the complex k z plane and deforming the path of integration as shown in Figure 2 . Note, however, that k z = ±(co 2 d 2 /v AL2 -k 2 ) 1/2 is a double-valued function of /c. To assure convergence of the integral, one must confine the integration path to regions where the imaginary part of k z , /c", is positive. Choose a two-sheet representation of the complex k z < 0. A branch cut must then be constructed from the branch point at k z = cod/v A to infinity to assure that the path of integration remains on the proper (top) sheet. This branch cut is most conveniently chosen to coincide with the real K-axis, i.e., where k" = 0. It is assumed that co 2 > co" 2 > 0, i.e., the ideal plasma taken in this model is assumed to be the dissipationless limit of a weakly dissipative medium. This is of course satisfied by any physically realizable medium. Between the branch cuts the real part of k' < 0 and outside of the branch cuts k' > 0. With these considerations, the original path of integration, P, along the real k z axis, can be deformed to the path, F, shown in Figure 1 , and Cauchy's theorem can be used to obtain f 00 die / = -F(K)e iKX e ikzZ + 2ni Y residues , (15) J-oo 2Jt where the integration in the first term is along the real K-axis (where k" = 0) and the second term represents the sum of the residues of the poles captured between the original and deformed integration paths in the complex k z plane. This form of the integral is known as the " transverse representation." It consists of two terms. The first, is the integral over a set of waves which propagate in the z-direction along the axis of the coronal hole. Since this portion of the integral is taken along the branch cuts where k" = 0, the waves have real values of k. These are the body waves which are excited in the corona, and these waves have a continuous spectrum of wavelengths.
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The second term is a sum over pole contributions. These poles are in general complex, and are referred to in this paper as generalized surface waves, since true surface waves are obtained only as a special case. Namely, poles which have purely imaginary values of k vary as e ±KX transverse to the boundary of the coronal hole flux tube and are therefore true surface waves. Imaginary values of ^ correspond to real values of k z , so that true surface waves do not decay as they propagate in the z-direction. This also means that the corresponding poles lie on the original contour of integration (see Fig. 2 ). The proper treatment of true surface wave poles is discussed in detail by Tamir and Oliner (1963c) . The arguments presented there for the case of electromagnetic waves on a dielectric slab can be applied for MHD waves on the plasma slab. Surface waves were first discussed in the context of the solar corona by lonson (1978) and Wentzel (1979a, b) . However, true surface wave poles with purely imaginary k are not the only poles which can contribute to the sum. In general there can also be poles with complex values of k. These are simply generalized surface waves or "complex waves." Although these waves are guided by the interface between the interior and exterior plasma of the coronal hole flux tube, they are attenuated as they propagate, k'2 # 0. Some of the properties of these complex waves are discussed in the paragraphs below.
Since equation (14) is a valid representation of the response of the coronal plasma, equation (15), which was obtained simply by coordinate transformation, is also. These expressions are two different integral expressions which represent the same coronal velocity field. The advantage of the transverse formulation is that if it is known that a source is an efficient launcher of surface waves, then this surface wave contribution is easily separated from the body wave contribution. The choice of branch cuts used in this analysis is not unique. It is nevertheless a convenient one since it leads to a spectral representation (real k) of the Fourier integral, and one is assured with this choice of branch cuts that the integral along the semicircular part of the path at k; -► 00 vanishes (Tyras 1969) . For an alternate discussion of the equivalence of these two representations the interested reader is referred to the monograph on electromagnetic surface waves by Barlow and Brown (1962, p. 92) .
In practice, however, the Fourier integral is generally evaluated in a third related representation, the polar or steepest descents representation. This form is obtained by making the substitutions 
b) Pole Contributions In the previous section it was demonstrated that the far-field, defined as the region where /cr > 1 is satisfied, response of the corona to a point source excitation can be expressed as the sum of two terms. One involving an expansion in terms of waves with a continuous spectrum and the other a sum over a discrete spectrum of waves. Let us begin the analysis of this result by discussing the pole contributions. The path contribution represents the body wave portion of the radiated field, while the pole contributions give the radiated power in surface waves. When /cr > 1, the integral can be evaluated analytically using the method of steepest descents (Tamir and Oliner 1962, 19636; Tyras 1969; Tamir 1975) . The contribution to the integral from the path near the saddle point, the body wave contribution to the integral, can be expressed as 
The pole, or generalized surface wave, contribution to the integral can be obtained by applying the residue theorem at the location of the pole, 0 = </> p : 
This is, of course, the same dispersion relation as that obtained by Davila (1985) for the free kink (antisymmetric) oscillations of the coronal hole waveguide. Solution of this equation was discussed at length in that paper. Nevertheless the solutions of this dispersion relation display several symmetries which were not discussed explicitly there that are important in the present analysis. First if jc 1p is a solution of the dispersion relation then -K lp is also a solution. In addition ±k*p are also solutions. This means that solutions are found in groups of four and they are symmetric around the origin. In the complex 0-plane this pattern repeats itself at intervals of n. The resulting dispersion relation solution is shown in Figure 4 . ii) Some General Properties of Complex Pole Contributions A typical steepest descent path (SDP) for 0 < 0 < nß is shown in Figure 3 along with the original path, P. It is readily seen that only poles in the strips T2, Bl, T4, and T1 can ever contribute to the steepest descent integral. Contributions from Tl, T2, and T4 are called proper pole contributions since they originate from poles which are contained on the top (proper) sheet in the k z plane. The complex wave which results from the contribution of a pole in the strip B1 is called an improper pole contribution since it is the result of a pole which is on the bottom (improper) sheet of the k z plane. This distinction is discussed at by Tamir and Oliner (1963a) .
Using equations (23) and (13) 
This form shows that complex waves propagate radially with a propagation constant ß given by equation (27) . These waves exist only in wedge-shaped regions of 6, where the pole is captured between the original and the steepest descent path. This condition alone guarantees that a > 0 for all complex pole contributions and that the wave amplitude decreases exponentially along any radius vector. It must be emphasized that this decrease in amplitude does not imply dissipation, however, since only dissipationless processes have been included in the fluid equations. The fact is that, although complex waves may be preferentially excited relatively near to the source and these waves, at least initially, may contain most of the wave power, eventually as r -► oo the wave energy must transfer from the discrete spectrum waves into the waves of the continuous spectrum. The characteristic scale for this transfer to take place is given by 1/a, typically a few times the diameter of the waveguide. This means that although complex modes exist only relatively near the source, they may be important for solar wind acceleration in coronal holes since acceleration of the wind also takes place in the lower portion of the corona relatively near to the wave source. The amplitude of the complex wave, G 0 , is a function of the pole location, (¡) p . It is most conveniently evaluated from the expression
There are four types of complex wave which can be excited immediately outside a coronal hole. These waves can be classified by the location of the contributing pole in the 0-plane. A picture of the dispersion relation solution in the strip B1 is shown in Figure 5 . The two dashed lines delineate the boundaries of the four regions. The phase velocity in the z-direction, v pxf and the phase velocity in the z-direction, v pz , for waves from each of these regions are as shown in Table 1. iii) Contributions from Proper Complex Poles In this paragraph the contribution to the radiated wave field from proper complex poles of each of the four types discussed above is considered. It is found that the radiated field can show considerable variety. Showing standing waves for some cases and regions of space where the poles do not contribute to the steepest descent integral at all. First, consider a pole in region 1 of Figure 5 . Waves on this portion of the dispersion relation curve are essentially highfrequency, short-period disturbances. The locations of all of the relevant poles in the complex </>-plane taking into account the symmetries of the dispersion relation solution discussed above are shown in Figure 6 . Also shown are the minimum steepest descent path (mSDP) which corresponds to an angle oí 9 = 0, and the maximum steepest descent path (MSDP) which corresponds to an angle of 9 = tt/2. Since we are only interested in the solution in the region with z > 0 it is easily seen that all possible paths lie between these two extreme paths. The points p', p", and p'" represent solutions to the dispersion relation for one particular value of the wave frequency, co. For average solar parameters, v A = 10 8 cm s _1 and d = 10 10 cm, waves in region 1 have a period < 150 s. From Figure 6 it is clear that the pole p'" never contributes for these wave periods and that the pole p' contributes for all angles 0 <9 < nil. The pole p" contributes only in a small wedge within the range 0 < 0 < 0", where 9" is the angle of the steepest descent path which passes directly through the point p". This is shown graphically in Figure 6 . For 0 > 0" the pole p" does not contribute to the steepest descent integral. In the region where the two poles contribute to the field, the solution can be written as G(r, 0, co) = 2G 0 ((l> f p )e iK2X cos k z z ,
where (¡) pf is the location of the pole p' in the complex 0-plane. It can be shown that the surfaces of constant phase are not planar in this region and that therefore the Poynting flux, which is normal to the surfaces of constant phase, acts to transport energy toward the surface at 0 = 0". Likewise, in the region with 0 > 0" the Poynting flux also tends to transport energy into the plane where 0 = 0". This energy is then transported to infinity by body waves (discussed in the next section).
T? Fig. 5 ) in the complex </>-plane. The dotted lines represent the steepest descent paths for 0 = 0 mSDP, and for 9 = 7ü/2, MSDP. The point p' contributes for all angles, while the pole p" only contributes for 6 < 6". For larger angles the pole p" is not captured between the original path, P, and the steepest descent path, (b) The lines indicate lines of constant phase, and the arrow indicates the direction of the Poynting vector, which is always perpendicular to the lines of constant phase for nearly lossless media. Notice that these lines are curved in the region where 9 < 9". For poles in region 2 (shown in Fig. 7a ), the wave field is considerably simpler. Only the pole labeled p" contributes to the complex wave field. The resulting radiation pattern is as shown in Figure 7b . In the wedge where 0 < 0' there are no pole contributions and therefore only body waves, i.e., the path contribution to the steepest descents integral, are radiated in these directions. The Poynting flux again shows that energy is transported into this region where it is radiated away as body waves. These waves have periods typically on the order of 250-500 s. The exact range depends on the value of the local Alfvén speed and the width of the slab carrying the wave.
The field resulting from a pole in region 3 is shown in Figure 8 . These waves have periods on the order of 600-700 s. In a small region near 0 = tü/2 poles p' and p'" contribute simultaneously. The result of this joint contribution is a standing wave given by
where I have used G 0 {(¡) p ) = G 0 e* and the angle 9 is the solution obtained in the strip T2. Near 9 = 0, only body waves are radiated and in the region in between only the pole p' contributes to the singular part of the integral. In region 4, periods > 800 s, the radiated field is the most complex; see Figure 9 . Near 9 = n/2 there is a region where the poles p' and p'" contribute simultaneously. The result is a standing wave, similar to that given by equation 30. Near 9 ttO the poles p' and p" contribute simultaneously, the resulting wave is similar to that discussed for region 1 in equa-RADIATION OF MHD WAVES INTO SOLAR CORONA 1085 No. 2, 1988 . In between these two regions is a wedge where only one pole contribution is present. iv) Contributions from Improper Poles Since only one improper pole can contribute to the steepest descent integral for any particular value of 0, the resulting field contours are much simpler than those considered above. A typical example is as shown in Figure 10 . The lines of constant phase are planes which are perpendicular to the direction ^ in which they propagate. The waves exist only in a wedge given by n/2 < 6 < 0 C . This means that these waves propagate nearly parallel to the coronal hole waveguide and they are most important near the boundary of the hole.
v) The Radiation of Body Waves As long as we consider angles not too close to tc/2, the amplitude of body waves radiated into the corona can be obtained by evaluating the expression in equation (21) 
if the position angle is in the range where cos 20 > 1 -v a2/ v ai-Using these expressions, it is straightforward to evaluate the amplitude of the body wave contribution to the Fourier integral for the Green's function. The magnitude of this contribution can then be compared with the pole contribution to determine which is dominant. A comparison of the magnitude of the pole and body wave contributions, at the radius where kr = 1, is shown in Fig. 11 for a wave period near 300 s. The body waves are radiated most strongly at small angles, indicating that most of this radiation is emitted broadside, i.e., at right angles to the coronal hole. The amplitude of the body wave component is a smoothly varying function of r. The shape of this curve is strongly frequency dependent.
The pole contribution is largest for waves radiated nearly parallel to the surface of the coronal hole. This is as expected since these pole contributions are in some sense simply generalized surface waves, and their existence depends at least partly on the existence of the surface of inhomogeneity. The sharp increases in amplitude at 0 = 12° and 6 = 47° are the result of the steepest descent path enclosing first one, then two, poles of the integrand. The second pole is an improper pole as discussed in the paragraphs above.
From this discussion it is obvious that for some angles of propagation, particularly for waves propagating nearly paral-No ' 1, 1988 radiation of mhd waves into solar corona ho .
le ' the po,econtribut ion can dominate the contribution from the body wave portion of the integral. Far from the source, however, the power radiated in body waves must dominate the pole contributions. This is evident because Fig. 11 . The amplitude of the pie contributions and the path contribution to the steepest descent integral in arbitrary units at the radius where kr = 1. The discontinuous jumps in the amplitude of the pole contribution are due to the relatively sudden capture of poles of the integrand by the steepest descent path By keeping higher terms in the expansion the transitions near 12° and 50° would be softened somewhat.
instruments, the turbulent spectrum of wave motions in the corona can, at least in principle, be observed directly. The feasibility of these observations has already been demonstrated by analysis of OSO 1 data (Chapman et al 1972) which gave marginal evidence for 5 minute oscillations.
However, even the new instruments will not be able to measure the spectrum of turbulence at heights of a solar radius or larger where the acceleration takes place. Instead, the turbulence responsible for the generation of MHD waves in coronal holes is most likely to be observed near the base of the corona where the ion-particle density is high. Given this constraint a successful, and observationally verifiable theory for acceleration of high-speed streams must be able to use observations of turbulence at low altitudes to predict the acceleration force on the coronal hole plasma throughout the acceleration region of the solar wind. This can only be accomplished by a theory which explicitly includes a source surface below the corona observations of the turbulence can be made, and which uses these observations to predict the acceleration force in the wind acceleration region. It should be noted that observations of the turbulent spectrum would also be relevant for theories of coronal heating by MHD waves, since these theories also require a driver.
The model assumed in this paper, with a discontinuous change in properties at the boundary of the coronal hole, is likely to be an oversimplified one. The real corona is likely to have a more gradual transition of plasma properties across the coronal hole. It is well known that gradients can lead to heating of the plasma by the process of resonance absorption. This heating is completely neglected in the present analysis. In addition, only the radiation field outside the coronal hole was calculated in this paper. It would be desirable to have a similar calculation of the wave amplitude within the coronal hole so that the wave force could be calculated. In addition, coronal holes do not in general have a constant cross section. They are observed to diverge even faster than r 2 . These are all potentially important factors which affect wave propagation in coronal holes. The author is currently working to quantify the importance of these additional complications to the basic model. The results of this work will be presented in future papers. Perhaps the most obvious shortcoming of the slab model is the lack of field line divergence. Real coronal holes are observed to diverge very rapidly low in the corona (e.g., Munro and Jackson 1977) , and in these regions the slab model is almost certainly not appropriate quantitatively. Nevertheless, it is believed that the guided wave solution presented in this paper is at least qualitatively correct even in the regions of rapid divergence, but this conjecture remains to be proven. It is likely that only numerical solutions will be obtained for wave propagation in these regions. Slightly higher in the solar atmosphere the coronal hole diverges almost radially. In this region it may be possible to obtain analytic solutions to the guided wave problem. Some initial calculations by the author have indicated that at least characteristic motion solutions can be obtained for a conical coronal hole.
Apart from questions of field line divergence, how appropriate is the slab geometry for solar coronal holes? Some have suggested, for instance, that cylindrical geometry may be more realistic. For polar coronal holes and small equatorial holes calculations incorporating cylindrical symmetry are likely to be more quantitatively accurate. However, all coronal holes are certainly not cylindrical. For example there are several large coronal holes pictured in the Skylab Workshop Monograph (Zirker 1977, p. 73) where slab geometry might be more appropriate than cylindrical. In addition, solutions of analogous problems for the propagation of electromagnetic waves in dielectric waveguides indicate that the major qualitative aspects of the waveguide process exhibited in cylindrical waveguides are present in slab solutions. This points to the fact that slab coronal holes are an appropriate first step toward understanding wave propagation in solar coronal holes. INTO SOLAR CORONA 1089 No. 2, 1988 VI. CONCLUSIONS The Green's function for the slab coronal hole was obtained explicitly. The Fourier integral representation for the radiated field inside and outside the coronal hole waveguide was exhibited. The radiated field outside the coronal hole was calculated using the method of steepest descents. It was shown that the radiated field can be written as the sum of two contributions: (1) a contribution from the integral along the steepest descent path and (2) a contribution from all of the poles of the integrand between the path of the original integral and the steepest descent path. The free oscillations discussed by Davila (1985) can be associated with the pole contributions in the steepest descent representation for the Green's function. The pole contributions are essentially generalized surface waves with a maximum amplitude near the interface that separates the plasma inside the coronal hole from the surrounding background corona. The path contribution to the integral is essentially the power radiated in body waves. By considering a specific example of waves with a period near 300 s it was shown that the pole contributions can dominate for radiation which propagates nearly parallel to the interface, while the path contribution (body waves) are more likely to be dominant for broadside radiation. In addition, body waves are dominant far from the source since their amplitude decreases only as r -1/2 , while the amplitude of the pole contribution decreases exponentially.
RADIATION OF MHD WAVES
It can be shown that the leaky wave modes are not normal modes of the waveguide in the classic sense. One interpretation of this might be that in the leaky waveguide modes are not linearly independent. Since it is reasonable that a properly posed physical problem must have only one unique solution, this ambiguity is worthy of concern. The Green's functions approach was used in this paper to show that the incorporation of sources into the theory of wave propagation and excitation in leaky waveguide modes eliminates the ambiguity in the solutions obtained by Davila (1985) . Although the modes are not linearly independent, i.e., more than one can be excited at the same time, the prescription for calculating the coronal response is clear and unambiguous. There is, therefore, every reason to expect that in the low corona these modes can be efficiently driven by the fluid motions at the lower boundary of the corona with reasonable assumptions for the driver.
Furthermore, although only the integrals for the amplitude outside the coronal hole were calculated explicitly, the integrals for the wave amplitude inside the coronal hole are simply sums of integrals of the same type. Because of this fact, it is reasonable to conclude that both complex surface waves and body waves are likely to contribute to the acceleration of the solar wind within coronal holes.
The calculations presented here have demonstrated some of the basic physics of waveguide propagation that are likely to be important in future more realistic calculations, and they have established the feasibility of calculations which relate the properties of the radiating source to the observed acceleration force.
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